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1
METHOD AND APPARATUS FOR EFFICIENT
DATA INPUT

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority to U.S. provisional patent
application Ser. No. 60/795,830, filed on Apr. 28, 2006, the
disclosure of which is incorporated herein by reference in its
entirety and made a part hereof.

FIELD OF THE INVENTION

The present invention relates in general to the field of data
entry, and in particular, to methods and apparatus for assisting
user input in a data entry device enabled with Tapping Finger
Identification (TFI) technology.

BACKGROUND OF THE INVENTION

The Tapping Finger Identification (TFI) technology dis-
closed in US patent application, US20060190836A1, by Su et
al., presents alternative means to data entry on conventional
keyboards. TFI-enabled keyboards determine user input not
only based on which key was pressed, but also on which ofthe
user’s finger was used to press the key, as each key may be
capable of selecting multiple symbols or functions.

The use of visual or audible cues to improve the accuracy
and ease of use of data entry interfaces has been proposed for
some systems. This is especially important for virtual key-
boards, such as those keyboard systems proposed in U.S. Pat.
No. 5,767,842 (Korth) and U.S. Pat. No. 7,151,530 (Rafii).
These include: displaying key layout on-screen, indicating
hand status on-screen, and using audible sound to indicate
key press events.

However, all these solutions are designed for traditional
keyboard systems in which the various tapping fingers are not
considered or differentiated in such designs. In TFI, it is
important to not only indicate by visual and/or audible cues
what keys are pressed, but also which fingers are being (or
about to be) used in actuating keys.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates a TFI-enabled data entry device with a
telephone-style keypad and an output screen.

FIG. 1B illustrates the telephone-style keypad of the TFI-
enabled data entry device in FIG. 1A.

FIG. 2 illustrates a basic TFI-enabled QWERTY keyboard.

FIG. 3 illustrates a virtual TFI-enabled QWERTY key-
board.

FIG. 4 illustrates a flow diagram that summarizes the typi-
cal process of generating visual and/or audible cues for assist-
ing users during data entry.

FIG. 5A shows an exemplary embodiment of visual cues
for assisting users in operating keyboards enabled with TFI
technology.

FIG. 5B shows a variation of the exemplary embodiment of
FIG. 5A.

FIG. 6 shows another exemplary embodiment of visual
cues for assisting users in operating TFI-enabled keyboards.

FIG. 7 shows a variation of the exemplary embodiment of
FIG. 6.

FIG. 8 shows a further exemplary embodiment of visual
cues for assisting users in operating TFI-enabled keyboards.
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2
FIG. 9 illustrates a TFI-enabled QWERTY keyboard in
which each key is equipped with an Organic Light-Emitting
Diode (OLED) display that can be configured to display any
symbol or icon at any time.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Methods and apparatus for providing users with visual
and/or audible cues to assist in their data entry on devices
enabled with Tapping Finger Identification (TFI) technology
are provided. Various exemplary embodiments of visual and/
or audible cues applicable to input using TFI technology are
described.

To permit a better understanding of how the visual and/or
audible cues affect user behavior, the operation of several
TFI-enabled devices is first described. FIG. 1A illustrates one
example of a TFI-enabled data entry device 100 having an
input unit comprising a TFI-enabled telephone-style keypad
102, and an output unit having a display screen 104. Device
100 may be equipped with other or additional output units
(not shown), such as a speaker system for audio output. The
input unit may include additional components, such as an
optical sensor 106 (e.g., a video camera), that may be used to
detect and/or identify fingers or other objects used to actuate
keys on keypad 102. FIG. 1A also shows the middle finger of
auser’s right hand 108 actuating the number “3” key (key 110
in FIG. 1B). The telephone-style keypad 102 is shown with
greater detail in FIG. 1B.

In alphabetic input mode, each of the keys numbered “2” to
“9” on keypad 102 in FIG. 1B may be used to enter one of
three or four letters with a single keystroke, depending on
which finger is identified as the actuating object. For example,
a user may assign his index, middle, and ring fingers to
correspond to the letters “D”, “E”, and “F” on the number “3”
key 110, respectively. Thus, the letter “D” is input if the index
finger is used to actuate the number “3” key 110. Similarly,
“E” is input if the middle finger is used, and “F” is input if the
ring finger is used. Precisely where the key 110 is struck does
not matter, since it is the tapping finger that determines the
input symbol.

As a second example, FIG. 2 shows a QWERTY keyboard
200 of a TFI-enabled data entry device. Such an input unit
may include additional components (not shown) that may be
used to detect and/or identify fingers or other objects used to
actuate keys on keyboard 200. For simplicity, only the keys
associated with alphabetic symbols are shown. In each key-
stroke, users select one of multiple symbols on a key for input
by tapping the key with an assigned finger corresponding to
that symbol. For instance, the letter “Z” may be input if the
left little finger is used to actuate the lower left key 202 in
keyboard 200. Correspondingly, the left ring finger actuating
the same key may input the letter “X”, while the left middle
finger may input the letter “C”, and the left index finger may
input the letter “V”. Similarly, the letter “B” may be input
with the left index finger actuating the lower middle key 204,
and the letter “N” may be input with the right index finger
tapping the same key. Again, exactly where on the keys a
typing finger taps does not matter, as the input symbol selec-
tion is based on the particular finger used in key actuation.

Unlike conventional keyboards having keys that are of
mechanical construction or are simulated on touch-sensitive
regions (e.g., touch screens), basic TFI-enabled keyboards
such as those shown in FIGS. 1A and 2 typically require one
or more sensors to detect and/or identify actuating objects in
addition to the mechanical or touch-sensitive keys that iden-
tify the keystroke.
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Another example of a TFI-enabled keyboard is the virtual
QWERTY keyboard 300 depicted in FIG. 3, which is identi-
cal in operation to keyboard 200 in FIG. 2. In FIG. 3, key-
board 300 may have only a portion of a device’s input unit.
For simplicity reasons, other components of the input unit are
not shown in FIG. 3. In virtual TFI-enabled keyboards, there
are no mechanical or touch-sensitive keys since one or more
optical sensors are generally used to detect, and possibly
identify, both the tapping finger (or other actuating objects)
and the actuated key. The keys in this case are simply regions
in two-dimensional space, such as region 302, with markings
to serve as guides that indicate boundaries of the key regions.
In many existing virtual keyboards, the markings are gener-
ated by projecting one or more lasers onto a surface. Also
shown in FIG. 3 is a ring finger of a user’s left hand 304
actuating key region 302.

Since the functionality of virtual keyboard 300 is identical
to that of keyboard 200, their key arrangements are the same
as well. Thus, for example, tapping anywhere in the region
302 with the ring finger of the user’s left hand 304 is equiva-
lent to actuating key 202 in FIG. 2 with the same finger,
producing “X” as the input symbol. The symbol labels in the
virtual keyboard 300 may be eliminated, as conventional
touch typists know which fingers correspond to which input
symbols in a particular key region due to muscle memory.

Based on the foregoing description, the term “key region”
may be used hereafter to refer to regions to which one or more
symbols or functions have been assigned such that when a
finger or some other input object with identifiable feature(s) is
detected as actuating or making contact with the region, an
assigned symbol or function of the region will be selected as
user input. Some examples of key regions include, but are not
limited to: discrete mechanical keys, software configured
simulated keys on touch screens or touch pads, and virtual key
regions comprising some location in two-dimensional or
three-dimensional space. It is understood that the surface of
an actual discrete key may be considered a key region or a
portion thereof.

The visual and/or audible cues used to assist users of TFI-
enabled devices during input may be generated according to
process 400 as summarized in the flowchart of FIG. 4. In the
exemplary embodiments of cues to be subsequently
described, it will be become apparent that many of the steps in
process 400 are optional.

With continuing reference to FIG. 4, one or more input
objects utilized by a user in actuating (or about to actuate) a
key region are detected in step 402. Such input objects may
include any combination of the individual possible input
objects (e.g., fingers) used to actuate the key region. Since the
key region is associated with multiple input symbols or func-
tions, each input symbol or function typically has a corre-
spondence to an input object. Examples of input objects
include, but are not limited to, the fingers of a user’s hand(s),
styluses having various colors, and styluses having various
tips, just to name a few. The set of possible input objects
detected may be referred to hereafter as “candidate input
objects”. Step 402 may be required in some embodiments
while not in others.

The detection of candidate input objects in step 402 may be
achieved using one or more proximity object detection sen-
sors capable of detecting input objects coming within close
range of a key region. For example, US Pat. App. No.
US20060190836A1 (Su et al.) teaches the use of active sen-
sors that detect the presence of nearby objects by measuring
feedback from the reference signals (e.g., infrared signals)
that they emit. Alternatively, U.S. Pat. No. 5,767,842 (Korth)
discloses methods for detecting keystroke events, which uti-
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4

lize optical sensors such as sensor 106 in FIG. 1 to monitor the
motion of a user’s hands. Similarly, many of the existing
methods proposed for hand gesture recognition may be used
to detect input objects in the actuation of key regions.

In step 404 of process 400, the candidate input objects may
be identified, as desired in some embodiments. The identifi-
cation of the candidate input objects may be achieved, for
example, through the extraction and matching of various
features of the input objects, in accordance with the teachings
of US Pat. App. No. US20060190836A1 (Su et al.).

In step 406 of process 400, the most probable input object,
defined as the input object that is about to actuate the afore-
mentioned key region, is identified among the candidate input
objects. Identification of the most probable input object
among the candidate input objects may be accomplished, for
example, using the proximity object detection sensors men-
tioned in step 402. The input object detected as being in
closest range or proximity of a key region as compared to the
other input objects is identified as the most probable input
object. Performing step 406 may be desirable in some
embodiments while not necessary in others.

Furthermore, the most probable input object as identified in
step 406 may be highlighted among the candidate input
objects, if desired, in step 408. As will be apparent in the
subsequent description of exemplary embodiments of cues,
highlighting an input object herein refers to representing that
input object with unique visual and/or audible features such
that it can be readily differentiated from the visual and/or
audible features representing the remaining candidate input
objects. The aforementioned unique visual and/or audible
features may be referred to hereafter as “differentiating” fea-
tures.

Step 410 of process 400, if performed, identifies the can-
didate key region for actuation. The candidate key region may
be identified, for example, using the same optical sensor(s)
(e.g., sensor 106 in FIG. 1) that are used to monitor the motion
of input objects in order to detect keystroke events, as dis-
closed in U.S. Pat. No. 5,767,842 (Korth). Typically, the
candidate key region is the region that is in closest proximity
to the candidate input objects detected in step 402.

Once the candidate key region is known, the candidates for
the input symbol or function may be optionally determined in
step 412 of process 400. The candidate input symbols or
functions can be easily determined since they are the input
symbols or functions associated with the candidate key
region, as identified in step 410.

Among the candidate input symbols or functions deter-
mined in step 412, the most probable input symbol or function
may be optionally identified in step 414. The most probable
input symbol or function is identified as that symbol or func-
tion having a correspondence to the most probable input
object, as identified in step 406.

The most probable input symbol or function as identified in
step 414 may be highlighted among the candidate input sym-
bols or functions, if desired, in step 416 of process 400. As
will be apparent in the subsequent description of exemplary
embodiments of cues, highlighting an input symbol or func-
tion herein refers to representing that input symbol or func-
tion with unique visual and/or audible features such that it can
be readily differentiated from the visual and/or audible fea-
tures representing the remaining candidate input symbols or
functions. The aforementioned unique visual and/or audible
features may be referred to hereafter as “differentiating” fea-
tures.

In step 418 of process 400, the key regions, the input
symbols or functions associated with the key regions, the
candidate input symbols or functions identified in step 412,
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the most probable input symbol or function highlighted in
step 416, the candidate input objects identified in step 404, the
most probable input object highlighted in step 408, or some
combination thereof, are assembled in some fashion and pre-
sented to the user in the form of cues having visual and/or
audible features that are distinguishable by the user.
Examples of such user-distinguishable features are provided
in the subsequent description of exemplary embodiments of
cues.

Those skilled in the art will recognize that the order of
some of the steps presented in process 400 of FIG. 4 is not
necessarily critical in many instances and they will further
recognize that some of these steps may be eliminated or
combined with one another in ways as well if desired. For
example, steps 404, 406, and 408 may be performed after step
412 and before step 414.

In the following description with respect to exemplary
embodiments, means of providing users with visual and/or
audible cues that assist them in inputting data on a TFI-
enabled keyboards are provided.

In one exemplary embodiment of visual cues, shown in
FIGS. 5A and 5B, visual cues that contain candidate input
symbols or functions are presented to a user, in accordance
with steps 402, 410, 412 and 418 of process 400 (FIG. 4).
Iustrated in FIGS. 5A and 5B is an output screen 500, such
as screen 104 of FIG. 1A, containing visual cues in the form
of a suggestion frame 502 that is presented to a user whose
right middle finger comes sufficiently close to making contact
with the number “3” key 103 (FIG. 1B) in an attempt to input
the letter “E”. In the suggestion frame 502, the candidate
input symbols “D”, “E”, and “F” associated with the number
“3” key 103 are shown. The most probable input symbol “E”
506, corresponding to the most probable input finger (the
user’s right middle finger) identified, may be optionally
shaded to indicate highlighting, in accordance with steps 414
and 416 of process 400. If, instead, the letter “D” were the
most probable input symbol, then “D” alone would appear
shaded in suggestion frame 502. Besides shading, other dif-
ferentiating features for highlighting the most probable input
symbol include, but are not limited to: displaying that symbol
in bold and/or italics font, displaying that symbol as flashing
text, and displaying that symbol in a font size different from
the remaining candidate input symbols, just to name a few.
Alternatively, the suggestion frame 502 may display only the
symbol “E” 506 as a means of highlighting the most probable
input symbol. The respective alphabets appearing in sugges-
tion frame 502 make up the user-distinguishable features used
in presenting the candidate input symbols to the user.

With continuing reference to FIG. 5A, the suggestion
frame 502 may dynamically appear in the vicinity of a data
entry cursor 504 as the user enters data. In a similar exemplary
embodiment, depicted in FIG. 5B, suggestion frame 502 may
appear in any predetermined location, such as the lower left
hand corner in screen 500, that does not interfere with the
display of output data. The precise manner in which the visual
cues are to be presented to the user may be configured by the
user. Users may also switch the cueing feature on or off as
desired.

It is apparent from the exemplary embodiments above that
visual cues provide users with instantaneous information
feedback regarding the position of their typing hands and
fingers relative to the keyboard. This can be especially helpful
on some TFI-enabled input devices, such as the telephone-
style keypad 102 in FIG. 1B, where the typing hand must
offset its position in order to input different symbols or func-
tions on the same key because different fingers must be used.
With the feedback provided by the suggestion frame, the user
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6

will know if his hand is generally in the right position to
actuate a certain key by checking whether the symbols
appearing in the suggestion frame are those associated with
the key he intends to strike. The user’s need to focus his
attention on the keyboard is thus eliminated. Simply stated,
features such as those provided by the visual cues illustrated
in FIGS. 5A and 5B enable the user to assess the position of
the candidate input fingers relative to that of the keys.

Another exemplary embodiment is illustrated in FIG. 6. In
accordance with steps 402, 404, 410, 412, and 418 of process
400 (FIG. 4), visual cues may be presented to a user as shown
in FIG. 6 by means of displaying reduced representations of
some key regions and of a user’s input objects, along with
candidate input symbols or functions corresponding to those
input objects. In FIG. 6, output screen 600 displays a reduced
representation, or outline, 602 of a QWERTY keyboard, such
as keyboard 200 of FIG. 2 or keyboard 300 of FIG. 3, in the
lower portion of the screen. In addition, an outline 604 of the
user’s left typing hand indicating the finger’s real-time posi-
tion is also displayed. To simplify illustration, only the user’s
left hand is shown. The real-time display of the reduced
representations of the key regions and of the input objects
may be derived, for example, from a real-time video capture
as performed possibly by an optical sensor that constitutes a
portion of the input unit that consists also of the above
QWERTY keyboard.

Also shown in FIG. 6, the corresponding candidate input
symbols “Z”, “X”, “C”, and “V” are displayed on-screen near
the tip of the user’s left little, ring, middle, and index finger
representations, respectively, as the user’s left hand approach
the lower left key, such as key 202 in FIG. 2 or key region 302
in FIG. 3, that is associated with those letters. Furthermore,
the most probable symbol, “C”, identified among the candi-
date input symbols according to step 414 of process 400, is
optionally displayed in bold font to indicate highlighting, in
accordance with step 416 of process 400. I, instead, the letter
“X” were the most probable input symbol, then “X” alone
would appear in bold font. Besides displaying input symbols
or functions in bold font, other differentiating features for
highlighting the most probable input symbol include, but are
not limited to: displaying that symbol in italics font, display-
ing that symbol as flashing or shaded text, and displaying that
symbol in a font size different from the remaining candidate
input symbols, just to name a few. Alternatively, only the most
probable input symbol “C” may be shown near the tip of the
user’s finger representations as a manner of highlighting the
most probable input symbol. The respective alphabets
appearing near the tip of the input finger representations
constitute the user-distinguishable features used in presenting
the candidate input symbols to the user.

In an embodiment similar to that illustrated in FIG. 6, a
user’s input fingers may be represented using lines, with one
line per finger, as shown in FIG. 7. An output screen 700 in
FIG. 7 displays a reduced representation, or outline, 702 of a
QWERTY keyboard, such as keyboard 200 of FIG. 2 or
keyboard 300 of FIG. 3, in the lower portion of the screen. In
accordance with step 418 of process 400 (FIG. 4), a reduced
representation of a user’s left typing hand also appears on
screen 700, in which the hand’s fingers are represented by five
lines 704. Based on FIG. 7, the candidate input objects are the
user’s little, ring, middle, and index fingers on the user’s left
hand, as detected and identified in steps 402 and 404, respec-
tively, of process 400. For simplicity of illustration, only the
user’s left hand is shown.

To assist the user in differentiating his various finger rep-
resentations, user-distinguishable features such as various
colors, shapes, line widths, line types, etc. may be applied to
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the finger representations 704. As shown in FIG. 7, the rep-
resentations 704 of the input fingers may be differentiated
from one another via the various line types. Furthermore, the
most probable input finger, the left middle finger, identified
among the candidate input fingers according step 406 of
process 400, may be optionally displayed with a thick solid
line to indicate highlighting, in accordance with step 408 of
process 400. If, instead, the left ring finger were the most
probable input finger, then that finger alone would be repre-
sented with a thick solid line. Besides representing input
fingers as thick solid lines, other differentiating features for
highlighting the most probable input finger include, but are
not limited to: representing that finger as a line of certain
color, representing that finger as a line of certain type, repre-
senting that finger as a line of certain width, and representing
that finger as a flashing line, just to name a few.

Additionally, performing the steps 410 and 412 of process
400 enables the corresponding candidate input symbols “Z”,
“X”, “C”, and “V” to be optionally displayed on-screen near
the tip of the user’s left little, ring, middle, and index finger
representations, respectively, as shown in FIG. 7, as the user’s
left hand approach the lower left key, such as key 202 in FIG.
2 or key region 302 in FIG. 3, that is associated with those
letters. Furthermore, the most probable symbol, “C”, identi-
fied among the candidate input symbols according to step 414
of'process 400, is optionally displayed in bold font to indicate
highlighting, in accordance with step 416 of process 400. If,
instead, the letter “X” were the most probable input symbol,
then “X” alone would alone appear in bold font. Besides
displaying input symbols or functions in bold font, other
differentiating features for highlighting the most probable
input symbol include, but are not limited to: displaying that
symbol in italics font, displaying that symbol as flashing or
shaded text, and displaying that symbol in a font size difterent
from the remaining candidate input symbols, just to name a
few. Alternatively, only the most probable input symbol “C”
may be shown near the tip of the user’s finger representations
as a mean of highlighting the most probable input symbol.
The respective alphabets appearing near the tip of the input
finger representations constitute the user-distinguishable fea-
tures used in presenting the candidate input symbols to the
user.

In a further exemplary embodiment depicted in FIG. 8,
visual cues presented to a user have user-distinguishable fea-
tures applied to the input symbols or functions associated
with key regions. In accordance with step 418 of process 400
(FIG. 4), an output screen 800 in FIG. 8 displays a reduced
representation 802 of a QWERTY keyboard, such as key-
board 200 of FIG. 2 or keyboard 300 of FIG. 3, in the lower
portion of the screen. Each key region in the reduced key-
board representation 802 is labeled with its associated input
symbols or functions. The individual input symbol or func-
tion labels are denoted, as shown in FIG. 8, with a geometry
shape such as a circle, diamond, square, or triangle in its upper
right-hand corner. These geometric shapes, or user-distin-
guishable features, are used to indicate the correspondence of
the input symbols or functions to their respective input
objects. For instance, all input symbols or functions corre-
sponding to the left index finger are denoted with a triangle.
Similarly, all input symbols or functions corresponding to the
left middle finger are denoted with a square. Likewise, all
input symbols or functions corresponding to the left ring
finger and the left little finger are denoted, respectively, with
a diamond and a circle. For simplicity of illustration, only
input symbols corresponding to the user’s left-hand fingers
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are shown in FIG. 8. It is understood that input symbols
corresponding to the user’s right-hand fingers may be simi-
larly shown in FIG. 8 as well.

Also in accordance with step 418 of process 400, a reduced
representation 804 of the input fingers of the user’s left hand
may be optionally displayed on the screen 800 to further
illustrate the correspondence between the input fingers and
their respective input symbols or functions. As shown in FI1G.
8, the finger representations 804 are denoted in the same
manner as their corresponding input symbols or functions.
For example, the left middle finger in the finger representa-
tions 804 is denoted with a square, just as the input symbols
‘E’, ‘D’, and ‘C’ in the keyboard representation 802 that
correspond to this finger. The position of the reduced finger
representations 804 on screen 800 may be fixed so that the
finger representations 804 merely serve as a key or legend for
the user-distinguishable features. Alternatively, the position
of the finger representations 804 on screen 800 may be
dynamic so that it indicates the real-time position of the input
fingers relative to that of the keyboard. For simplicity of
illustration, only the reduced representations of the user’s
left-hand fingers are shown in FIG. 8. It is understood that a
representation of the user’s right-hand fingers may be similar
shown in FIG. 8 as well.

Besides geometric shapes, numerous other user-distin-
guishable features exist for presenting input objects, input
symbols or functions, or the correspondence between input
objects and their respective symbols or functions to users. For
example, instead of using geometric shapes, different colors
may be applied to the input symbols or functions and, option-
ally, the input objects (if shown) in FIG. 8. All input symbols
or functions corresponding to the same input object may be
displayed in the same color.

On keyboards capable of displaying context information
on the fly, such as those having keys simulated on touch
screens or those having a standalone Organic Light-Emitting
Diode (OLED) display embedded in each key, visual cues
may be built into the keys themselves. [llustrated in FIG. 9 is
a TFI-enabled QWERTY keyboard 900, which is similar to
keyboard 200 of FIG. 2 except that at the top of each key is an
OLED display that can be configured to display any symbol
oricon at any time. FIG. 9 also depicts a user’s left hand 902
about to strike the lower left key 904, having associated
candidate input symbols “Z”,“X”, “C”, and “V”, with its ring
finger extended to input the letter “X”. In response to detect-
ing the ring finger about to actuate key 904, key 904 may be
configured (in accordance with steps 402,404, 406, 410,412,
414, and 416 of process 400, FIG. 4) to flash the symbol “X”
as a visual cue to the user. Besides flashing the most probable
input symbol, other differentiating features for highlighting
the most probable input symbol include, but are not limited
to: displaying that symbol in bold and/or italics font, display-
ing that symbol as shaded text, and displaying that symbol in
a color or font size different from the remaining candidate
input symbols, just to name a few. Alternatively, all other
symbols besides the most probable input symbol may be
removed from the OLED display of the candidate key region
as a means of highlighting the most probable input symbol.

With continuing reference to FIG. 9, the input symbols or
functions shown in the OLED displays of the associated keys
may be optionally color-coded to reflect the relationship
between input symbols or functions and their corresponding
input objects, as described in the exemplary embodiment with
reference to FIG. 8. For example, in FIG. 9, the symbols ‘Q’,
‘A’, and ‘7’ that are actuated by the user’s left little finger may
be shown using a single color, such as yellow. Similarly, the
symbols ‘W’, ‘S’ and ‘X’ that are actuated by the user’s left
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ring finger may be shown using another color, such as green.
Thus, all symbols corresponding to the same input object may
be shown with a unique color. The set of unique colors con-
stitute part of the user-distinguishable features used in pre-
senting the candidate input symbols to the user.

Numerous other exemplary embodiments for visual cues
exist. In one such embodiment, visual cues consist of a series
of Light Emitting Diodes (LEDs) of various colors, one color
representing a candidate input object, such as a user’s finger.
For example, LEDs of the colors red, blue, green, and yellow
may be used, respectively, to represent a user’s right index,
middle, ring, and little finger such that an LED is normally off
but lighted only when its represented candidate input object is
detected and identified, according to steps 402 and 404 of
process 400 (FIG. 4). The respective colors of the LEDs
constitute the user-distinguishable features used in presenting
the candidate input objects to the user. Other user-distinguish-
able features may include, but are not limited to, the size,
shape, and brightness of the LEDs, just to name a few. Addi-
tionally, the most probable input object (or finger), if option-
ally identified in step 406 of process 400, may be highlighted
in accordance with step 408 by flashing the representing
LED. For instance, if the right middle finger is identified as
the most probable input object, then the blue LED is flashed.

Besides visual effects, audio effects may be used to assist
users in determining whether they are actuating, or about to
actuate, a key region with the appropriate corresponding
object in inputting the desired symbol or function.

In one embodiment of cues utilizing audible features, a
TFI-enabled device such as device 100 (FIG. 1A) may emit,
through its audio output unit (not shown), a particular sound
corresponding to a particular candidate input object as it
detects and identifies that object approaching the device to
strike a key, in accordance with steps 402 and 404 of process
400 (FIG. 4). A predetermined sound may be optionally emit-
ted to indicate highlighting when a most probable candidate
input object is identified, according to steps 406 and 408 of
process 400. Thus, if the aforementioned sounds consist of
distinct musical notes, the TFI-enabled device may also func-
tion as a musical instrument.

Various other audible features, such as audible tones of
different loudness, audible tones of different durations,
audible tones of different pitch, different audio clips or pat-
terns, etc., may be employed as user-distinguishable features
for the purpose of providing users with audible cues. Addi-
tionally, the TFI-enabled data input device may employ ver-
bal cuing such that it announces the symbol or function being
input by the user.

Audible features may be combined with visual features,
such as those described with reference to FIGS. 5-9, in a
multimodal approach to providing users with cues that assist
them in accurately and efficiently operating a TFI-enabled
device. Furthermore, users may be given the choice of select-
ing from the various approaches.

While the present invention has been described above in
terms of specific embodiments with reference to the accom-
panying drawings, it is to be understood that the invention is
not intended to be confined or limited to those precise
embodiments disclosed herein. On the contrary, the present
invention is intended to cover various structures and modifi-
cations. It should be clearly understood that many variations
and/or modifications of the basic inventive concepts herein
taught, which may appear to those skilled in the pertinent art,
will still fall within the spirit and scope of the present inven-
tion. All such changes and modifications are intended to be
included within the scope of the invention as defined by the
following claims.
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What is claimed is:

1. A data entry device having at least one output unit and a
virtual input unit having a plurality of virtual key regions on
a surface having no mechanical or touch-sensitive key struc-
tures, the device configured to:

associate a group of symbols or a group of functions with

each of a single virtual key region from the plurality of
virtual key regions;
define a group of unique input objects with each unique
input object having a defining feature that differentiates
it from the other unique input objects in the group;

assign to each of the single symbols from the group of
symbols or each of the single functions from the group of
functions associated with each of the virtual key regions
a unique input object from the group of unique input
objects;

an optical sensor to identify a virtual key region about to be

actuated by an input object to define a candidate key
region;

identify and detect with the optical sensor the most prob-

able input object from the group of unique input objects
about to actuate the candidate key region;

determine the most probable symbol or function based on

the identity of the most probable input object and the
candidate key region;

display via the output unit the group of symbols, or a

representation of the group of functions, associated with
the candidate key region;
apply a visually-perceptible emphasis to the most probable
symbol or function to differentiate it from the other
symbols or functions in their respective groups;

display via the output unit a visually-perceptible represen-
tation of the group of input objects; and

apply a visually-perceptible emphasis to the visually-per-

ceptible representation of the most likely input object to
differentiate it from the visually-perceptible representa-
tions of other input objects in the group of input objects.

2. The device of claim 1 wherein the step of identifying the
most probable input object comprises:

detecting candidate input objects positioned proximate the

candidate key region; and

determining the candidate input object most proximate the

candidate key region.

3. The device of claim 2 further comprising displaying a
representation of the candidate input objects proximate a
representation of the key regions to provide real-time infor-
mation on the position of the candidate input objects relative
to that of the key regions.

4. The device of claim 1 wherein the optical sensor com-
prises at least two cameras.

5. The device of claim 1 wherein the visually perceptible
emphasis is selected from the group consisting of: bold font,
italics font, flashing text, shaded text, displaying the most
probable input symbol or function in a font different from the
remaining input symbols or functions in the group, and dis-
playing the most probable input symbol or function while the
remaining input symbols or functions from the group are not
displayed.

6. The device of claim 1 wherein the visually perceptible
emphasis is selected from the group consisting of: displaying
a certain color, displaying an object of a certain size, display-
ing a certain shape, flashing an LED of certain brightness,
representing the most probable input object as a line of certain
color, representing the most probable input object as a line of
certain type, representing the most probable input object as a
line of certain width, and representing the most probable
input object as a flashing line.
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7. The method of claim 1, further comprising applying an
audibly-perceptible emphasis to the most probably symbol or
function.

8. The method of claim 7 wherein the audibly-perceptible
feature is selected from the group consisting of: emitting
audio tones of certain loudness, emitting audio tones of cer-
tain pitch, emitting audio tones of certain duration, emitting
certain musical notes, and rendering certain audio clips or
patterns.

9. The device of claim 1 wherein the input objects are
fingers.

10. The device of claim 1 wherein the visually-perceptible
emphasis is configurable by the user.

11. The device of claim 1 wherein the data entry device is
a computing device.

12. The method of claim 7 wherein the electronic device is
a musical device.

13. The device of claim 1 further configured to:

provide in the output unit a visual representation of the

input object-to-symbol or input object-to-function
assignments.

14. A data entry device having at least one output unit and
a virtual input unit having a plurality of virtual key regions
configured to:

associate a group of symbols with each of a single virtual

key region from the plurality of virtual key regions;

assign to each finger of a user having a group of fingers a

single symbol from the group of symbols;

an optical sensor positioned remote from the virtual key

region to identify a virtual key region about to be actu-
ated by the user to define a candidate key region;

10

20

25

12

identify and detect with the optical sensor a most probable
finger that is about to actuate the candidate key region;

determine the most probable symbol based on the identity
of the most probable finger and the candidate key region;

display via the output unit the group of symbols associated
with the candidate key region;

apply a visually-perceptible emphasis to the most probable

symbol to differentiate it from the display of the other
symbols in the group of symbols;

display via the output unit a visually-perceptible represen-

tation of the group of fingers; and

apply a visually-perceptible emphasis to the most probable

finger to differentiate it from other fingers in the group of
fingers.

15. The device of claim 14 wherein the optical sensor is a
camera.

16. The device of claim 15 wherein the optical sensor is at
least two cameras.

17. The device of claim 14 wherein the visually-percep-
tible emphasis is selected from the group consisting of: bold
font, italics font, flashing text, shaded text, displaying the
most probable symbol in a font different from the other sym-
bols in the group, and displaying the most probable symbol
while the other symbols of the group are not displayed.

18. The device of claim 14 wherein the group of fingers
includes fingers of a left hand, fingers or a right hand, fingers
of'both a left hand and a right hand.
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